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période dDirectrice en z = z0:
r = fS(θ, z0)
Génératrice en θ = θ0:
r = fS(θ0, z)
Surface S:
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[Dθ] = Qǫ,θr [Er] +Qǫ,θθ [Eθ] +Qǫ,θz [Ez ] 
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[Br] = Qµ,rr [Hr] +Qµ,rθ [Hθ] +Qµ,rz [Hz] 
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[Bz] = Qµ,zr [Hr] +Qµ,zθ [Hθ] +Qµ,zz [Hz] 
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d [F (r)]
dr
= iM(r) [F (r)]  ];4 3&Ê5y 






M11 M12 M13 M14
M21 M22 M23 M24
M31 M32 M33 M34
M41 M42 M43 M44
  ];4 353&Ê 
KSJ5<&>~Â
M11 = ir Id − αrQ−1ǫ,rrQǫ,rθ −Qµ,zrQ−1µ,rrγ M12 = Qµ,zrQ−1µ,rr αr − αrQ−1ǫ,rrQǫ,rz
M13 = ωQµ,zθ − ωQµ,zrQ−1µ,rrQµ,rθ + αrQ−1ǫ,rr γω M14 = ωQµ,zz − ωQµ,zrQ−1µ,rrQµ,rz − αrQ−1ǫ,rr αrω
M21 = Qµ,θrQ−1µ,rrγ − γQ−1ǫ,rrQǫ,rθ M22 = −γQ−1ǫ,rrQǫ,rz +Qµ,θrQ−1µ,rr αr
M23 = γωQ−1ǫ,rrγ + ωQµ,θrQ−1µ,rrQµ,rθ − ωQµ,θθ M24 = ωQµ,θrQ−1µ,rrQµ,rz − γQ−1ǫ,rr αrω − ωQµ,θz
M31 = ωQǫ,zrQ−1ǫ,rrQǫ,rθ − ωQǫ,zθ − αrQ−1µ,rr γω M32 = ωQǫ,zrQ−1ǫ,rrQǫ,rz − ωQǫ,zz + αrQ−1µ,rr αrω
M33 = ir Id −Qǫ,zrQ−1ǫ,rrγ − αrQ−1µ,rrQµ,rθ M34 = Qǫ,zrQ−1ǫ,rr αr − αrQ−1µ,rrQµ,rz
M41 = ωQǫ,θθ − γQ−1µ,rr γω − ωQǫ,θrQ−1ǫ,rrQǫ,rθ M42 = γQ−1µ,rr αrω − ωQǫ,θrQ−1ǫ,rrQǫ,rz + ωQǫ,θz
M43 = Qǫ,θrQ−1ǫ,rrγ − γQ−1µ,rrQµ,rθ M44 = −γQ−1µ,rrQµ,rz −Qǫ,θrQ−1ǫ,rr αr
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[Fr(r)] =Mr(r) [F (r)]  ];4 353S] 
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Mr(r) =
( Mr,11 Mr,12 Mr,13 Mr,14






Mr,11 = −Q−1ǫ,rrQǫ,rθ Mr,12 = −Q−1ǫ,rrQǫ,rz Mr,13 = Q−1ǫ,rr γω Mr,14 = −Q−1ǫ,rr αrω
Mr,21 = −Q−1µ,rr γω Mr,22 = Q−1µ,rr αrω Mr,23 = −Q−1µ,rrQµ,rθ Mr,24 = −Q−1µ,rrQµ,rz
ÀKtFjKﬃ?BQBAe>< Mr(r) KIf(H5O0QGN;A FI<ﬁLMDYA H5L 2(2N + 1)(2M + 1)× 4(2N + 1)(2M + 1) 4
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−Gn+1(ζ) H Gn ∈ {Jn, Yn, H+n , H−n } 
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α0 = k0 sin(θinc)
γ0 = −k0 sin(ϕ)
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Points de défi nition
de ~N sur C



































 3  ,  '(
0
1




Points de défi nition
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θ ∈ [θ0 − π, θ0] snm r ≤ rm
−1 tz θ ∈ [θ0 − π, θ0] snm r > rm
−1 tz θ ∈ ]−π, θ0 − π[ ∪ ]θ0, π[ snm r ≤ rm
1
tz
θ ∈ ]−π, θ0 − π[ ∪ ]θ0, π[ snm r > rm
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A LM>AeN;<ﬁL-?B<xfMK$Q"O0L~>¼,T A LMN;QB<>A QR>O0TeK$A QB< QB<ﬁFIf0T A,NUl O0L~FIA T A <ﬁO~W0H5FIH5o5XﬁL0< <?K$L0AeDYH$?BQBH5f(< <?<ﬁL-?BH5O0QBbxNUl O0L
FIA T A <ﬁOhW0H5FIH5o5XﬁL0<V<?GAeDYH$?BQBH5f(<540ÁH5Oﬃ:=H5O0QRDEN0K$LMDEO0LPC­H5QBFjK$T AeDYFI<VFjKﬃ?BQBAe>A <ﬁT2ÂM><c>ﬁK$Te>O0TDﬁl <i<&>@?BO0<[fMK$Q
TeKPN;b?B<ﬁQBFIA LMKﬃ?BA H5LµN;<ITeKaFjKﬃ?BQBAe><IN;<t?BQRK$LMDYFIAeDBDYA H5LÃN;ODY¼;D=?BXﬁFI<tb?BOMN;A b+ÂUf0O0AeDVfMK$QVK$f0f0T Ae>ﬁKﬃ?BA H5LµN;<&D
>H5LMN;A ?BA H5LMDEK$O;ºaT A FIA ?B<&DGgtTeKjDYO0QYC'K5><VN;Oh>¼,T A LMN;QB<[>A QR>O0TeK$A QB<54
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N;OaQB<ﬁf(XﬁQB<v>ﬁK$QY?Bb&DYA <ﬁL
(~ex, ~ey, ~ez)






~r = ~OM  O
b?RK$L-?[Tml H5QBA o5A L0<tN;OµQB<ﬁf(XﬁQB<j>ﬁK$QY?Bb&DYA <ﬁL

469LµK5DBDYH;>A <
gkTml <&DYfMK5><tN;<&DV>RWMK$FIfMD9TeKk8MK5DY<tJ5<&>@?BH5QBA <ﬁT T <~N;OÃQB<ﬁf(XﬁQB<t>¼,T A LMN;QBAed-O0<
(~eρ, ~eφ, ~ez)
N;<tf(H5A L-?[NUl K$f0f0T Ae>ﬁKﬃ?BA H5L
M(~r)
N0K$LMDTml <&DYfMK5><xQBbﬁ<ﬁTm4S¸T;L0<xC'K$O;? N;H5LM>xfMK5D>H5L;C­H5LMN;QB<xTeKVN;bﬁf(<ﬁLMN0K$LM><EN;<&D>RWMK$FIfMDDY<ﬁT H5L~T <&D"JﬃK$QBAeK$80T <&D
N;<xTml <&DYfMK5><xQBbﬁ<ﬁT
(x, y, z)
<?T <ﬁO0QRD>H5FIf(H-DBK$L-?B<&D"N0K$LMD"TeK98MK5DY<xJ5<&>@?BH5QBA <ﬁT T <
(~eρ, ~eφ, ~ez)




µ¯(r, θ, z) = µ0Id
40¸T <&D=?Gbﬁo-K$T <ﬁFI<ﬁL-?GN;A bﬁT <&>@?BQBAed-O0<[T A L0b&K$A QB<+Â;W0H5FIH5o5XﬁL0<
<?cK$L0AeDYH$?BQBH5f(<IN;<I?B<ﬁLMDY<ﬁO0Q[f(<ﬁQBFIA ?Y?BA J,A ?BbjQB<ﬁTeKﬃ?BA J5<tL0H$?Bbﬁ<
ǫ¯r
<ﬁL>H,H5QRN;H5L0L0bﬁ<&Dv>ﬁK$QY?Bb&DYA <ﬁL0L0<&Dﬁ469LQRK$f0f(<ﬁT T <




Â0T <v?B<ﬁLMDY<ﬁO0QGf(<ﬁQBFIA ?Y?BA J,A ?BbcDﬁl b&>QBA ?EfMK$QG>RWMK$L0o5<ﬁFI<ﬁL-?EN;<[8MK5DY<IÂ
˜˜ǫr(φ) = ℜǫ¯rℜT KSJ5<&> ℜ =







<&D=?cT <t?B<ﬁLMDY<ﬁO0Qcf(<ﬁQBFIA ?Y?BA J,A ?Bbkb&>QBA ?[<ﬁL>H,H5QRN;H5L0L0bﬁ<&DV>¼,T A LMN;QBAed-O0<&Dﬁ4"69LQRK$f0f(<ﬁT T <jd-O l O0LFIA T A <ﬁO
          a
 H 
YX	 	 XN, <a $  
Y 8  	 X   8
Y       ,8ﬂ  
YX   a  S35353
K$L0AeDYH$?BQBH5f(<~<&D=?cN;A ?@O0L0AeKﬃº;< cT H5QRDBd-O l A T<º;AeD=?B<IO0L0<I8MK5DY<tf(H5O0QVTeK5d-O0<ﬁT T <IT <t?B<ﬁLMDY<ﬁO0QVf(<ﬁQBFIA ?Y?BA J,A ?Bbj<&D=?[QB<n
f0QBb&DY<ﬁL-?BbvfMK$QEO0L0<[FjKﬃ?BQBAe><[N;AeK$o5H5LMK$T <VN;H5L-?GN;<ﬁO;º«N;<&DbﬁT bﬁFI<ﬁL-?RDGDYH5L-?Ebﬁo-K$O;º>Â;>$l <&D=?YngﬃnN;A QB<tÂ
∃ (ǫx, ǫz) ∈ C2 Â ǫ¯r =
 ǫx 0 00 ǫx 0
0 0 ǫz

{vK$LMD T <v>ﬁK5D`>H5L-?BQRK$A QB<+Â$H5LjfMK$QBT <9NUl O0LkFIA T A <ﬁOaK$L0AeDYH$?BQBH5f(< @80AeKﬃº;< ﬃ4,^;K$O;CUA LMN;Ae>ﬁKﬃ?BA H5La>H5L-?BQRK$A QB<+Â$H5Lk>H5LMDYA n
N;XﬁQB<[N0K$LMDx?BH5O;?B<VTml b?BOMN;<~d-O0<VT <[FIA T A <ﬁOhK$L0AeDYH$?BQBH5f(<VN;Oh>¼,T A LMN;QB<[>A QR>O0TeK$A QB<v<&D=?G80AeKﬃº;<54
À <VFIA T A <ﬁO«<º,?BbﬁQBA <ﬁO0QL0H$?Bb
(ext)
<&D=?EL0H5L«FjK$o5L0b?BAed-O0<+Â;N;A bﬁT <&>@?BQBAed-O0<+Â;T A L0b&K$A QB<+Â;W0H5FIH5o5XﬁL0<v<?GAeDYH$?BQBH5f(<VN;<
f(<ﬁQBFIA ?Y?BA J,A ?Bb[QB<ﬁTeKﬃ?BA J5<
ǫr,ext
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69Lh>RW0H5AeDYA ?G?BQBX&DE<º0K5>@?B<ﬁFI<ﬁL-?GTeKjF ÁﬁFI<cH5LMN;<cf0TeK$L0<[A LM>AeN;<ﬁL-?B<~d-O0<cf0QBb&>b&N;<ﬁFIFI<ﬁL-?






4À <«J5<&>@?B<ﬁO0QjNUl H5LMN;<PA LM>AeN;<ﬁL-?k<&D=?IH5QBA <ﬁL-?Bb«K$QB80A ?BQRK$A QB<ﬁFI<ﬁL-?

J5H5A QjDY<&>@?BA H5L ];4 ];4 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<?kDBK













 20Y¦10m¥ ¢9G v=G - 90 9   ` G9pŁ9 *ÑYY=ŁZ9-4=(;MY¤ŁG 6G*p 	GU
9Y-;0 [
69LÃ>RW0<ﬁQR>RW0<tgk<º;f0T Ae>A ?B<ﬁQVT <&Dv>RWMK$FIfMDvbﬁT <&>@?BQBH5FjK$o5L0b?BAed-O0<&D9DYH5OMD9TeKjC­H5QBFI<INUl O0L0<tH5LMN;<~f0TeK$L0<+ÂUDYOMDB><ﬁf;?BA 80T <
N;<cDY<Vf0QBH5fMK$o5<ﬁQN0K$LMDO0L«FIA T A <ﬁO«W0H5FIH5o5XﬁL0<V<?GK$L0AeDYH$?BQBH5f(<54
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69L*DY<½f0TeK5><½N0K$LMDkT <½>ﬁK5N;QB<½N;O*QBbﬁo5A FI<hWMK$QBFIH5L0Aed-O0<+Â`>$l <&D=?YngﬃnN;A QB<hd-O l H5LÔ>RW0<ﬁQR>RW0<½N;<&DkDYH5T O;?BA H5LMDkN;<&D
































∀ω ∈ [ω1, ω2] ,ℑm {ǫ¯r(ω)} = 0  Ä;4 z 









FjKﬃ?BAed-O0<tD=?BA f0O0TeK$L-?[d-O l O0L0<tFjKﬃ?BQBAe><~H5O½O0L0<IK$f0f0T Ae>ﬁKﬃ?BA H5L½QB<&D=?B<~W0<ﬁQBFIA ?BA <ﬁL0L0<tfMK$QV>RWMK$L0o5<ﬁFI<ﬁL-?VN;<t8MK5DY<+Â








<&D=?Ebﬁo-K$T <ﬁFI<ﬁL-?EW0<ﬁQBFIA ?BA <ﬁL 4
{vK$LMD><&D>H5LMN;A ?BA H5LMDUÂﬃTml b&d-OMKﬃ?BA H5LIN;<f0QBH5fMK$o-Kﬃ?BA H5L~N;OIFIA T A <ﬁOIK$L0AeDYH$?BQBH5f(<x<&D=?H58;?B<ﬁL,O0<EN;<xC'K H5LtAeN;<ﬁL-?BAed-O0<













~rot ~A(r, θ, z)
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Â0>$l <&D=?YngﬃnN;A QB<9?B<ﬁT T <&DGd-O0<VT <ﬁO0QRDE>RWMK$FIfMDEK$A <ﬁL-?Ef(H5O0QG<º;f0QB<&DBDYA H5LPK$OPf(H5A L-?
M(~r)
Â
~U~k(r, θ, z) =
~Aei









4"69L>RW0H5AeDYA ?[N;<jN;b&>QBA QB<tT <IJ5<&>@?B<ﬁO0Q ~k
N0K$LMD
TeK8MK5DY<«J5<&>@?BH5QBA <ﬁT T <
(~eρ, ~eφ, ~ez) 
J5H5A QjwMo5O0QB<ÃÄ;4 ]

4`À <hQBH$?RKﬃ?BA H5L0L0<ﬁTGN;< ~U~k(r, θ, z)
N0K$LMDjTml b&d-OMKﬃ?BA H5L*N;<
353S] 8 




























= i~k ∧ ~Aei~k.~r




f(H5O0Q9H58;?B<ﬁL0A QGO0L0<cL0H5O0J5<ﬁT T <Vb&d-OMKﬃ?BA H5LhN;<cf0QBH$n







+ k20 ˜˜ǫr(φ) ~A = ~0 
Ä;4 
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J5H5A QVDY<&>@?BA H5LÃz04 354 3

d-O0<tTeK
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̂(~k,~ez)  Ä;4 3&z 





γ0 6= 0  N;A iQRK5>@?BA H5Lh>H5L0Aed-O0<  DYH5A ? ϕ 6= π2
Â0H5LPL0H$?B<[K$T H5QRDvÂ
τ = tan(ϕ) 
Ä;4 3ﬁ

d-O0Ax<&D=?~Tml A LM>H5L0L,O0<kQB<&>RW0<ﬁQR>RW0bﬁ<5469L<ﬁL¢N;b&N;O0A ?Id-O0<
k = γ0
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]− (ǫr)φρ(ǫr)zφ − (ǫr)ρφ(ǫr)φz}
h0 = −χ4(ǫr)zz + χ2 [(ǫr)ρρ(ǫr)zz + (ǫr)φφ(ǫr)zz − (ǫr)zφ(ǫr)φz − (ǫr)zρ(ǫr)ρz ]
(ǫr)ρρ [(ǫr)zφ(ǫr)φz − (ǫr)φφ(ǫr)zz] + (ǫr)φρ [(ǫr)ρφ(ǫr)zz − (ǫr)zφ(ǫr)ρz ]












4"{~l K$f0QBX&DcT <&Dcf0QBH5f0QBA b?Bb&DcN;O?B<ﬁLMDY<ﬁO0Q ˜˜ǫr(φ)
















H5L«FIH5L-?BQB<cd-O0<~DY<ﬁO0T <&DGN;<ﬁO;º«NUl <ﬁL-?BQB<[<ﬁT T <&DGDYH5L-?9DYH5T O;?BA H5LMDGN;Ohf0QBH580T XﬁFI<[bﬁT <&>@?BQBH5FjK$o5L0b?BAed-O0<54;Ò T T <&D
N;H5A J5<ﬁL-?tJ5bﬁQBA wM<ﬁQ



















f(<ﬁQBFI<?Y?B<ﬁL-?~N;<kN;bwML0A QcT <&D[>H5FIf(H-DBK$L-?B<&DVN;<&D[J5<&>@?B<ﬁO0QRD[NUl H5LMN;<jK5DBDYH;>A b&Dﬁ4 À <&DVfMK$QY?BA <&D





DYAT <t?B<ﬁLMDY<ﬁO0QVf(<ﬁQBFIA ?Y?BA J,A ?Bbj<&D=?[QBbﬁ<ﬁTK$T H5QRD9T <&D[d-OMKﬃ?BQB<&DvQRK5>A L0<&DvT <IDYH5L-?[bﬁo-K$T <ﬁFI<ﬁL-?V<?[TeKP>H5LMN;A ?BA H5L
f0QBb&>b&N;<ﬁL-?B<vN;<ﬁJ,A <ﬁL-?vÂ ∀i ∈ [1, 2] , kzτi > 0 4,{vK$LMD`T <&DxN;<ﬁO;ºk>ﬁK5DUÂ τ1 <? τ2 f(<ﬁQBFI<?Y?B<ﬁL-?EN;<vN;bwML0A QxT <&D
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h2 = {(ǫr)ρρ [(ǫr)φφ + (ǫr)zz]− (ǫr)φρ(ǫr)ρφ − (ǫr)zρ(ǫr)ρz}
h0 = −(ǫr)ρρ(ǫr)φφ(ǫr)zz + (ǫr)ρρ(ǫr)zφ(ǫr)φz + (ǫr)φρ(ǫr)ρφ(ǫr)zz









γ0 6= 0  4À <P>H,<ﬀk>A <ﬁL-? h4 <&D=?tL0H5LÌL,O0T2Â><
d-O0AUA FIf0T Aed-O0<[d-O l A TU<º;AeD=?B<[d-OMKﬃ?BQB<vQRK5>A L0<&D9Â












kρ = k > 0
4
^,AT <k?B<ﬁLMDY<ﬁO0Qtf(<ﬁQBFIA ?Y?BA J,A ?BbP<&D=?j>H5FIf0T <º;<+Â><?Y?B<P>H5LMN;A ?BA H5L¢Dﬁl b&>QBA ?PÂ ∀i ∈ [1, 2] , k0ℜe (κi) > 0 4






































3× 3 Â;J5H5A QEDY<&>@?BA H5L  4 ]tN;<[Tml K$L0L0<º;<   4
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∀i ∈ {1, 2} , ~Γi(φ) =
~Ai(φ)∥∥∥ ~Ai(φ)∥∥∥  Ä;4 3&q 







Dﬁl b&>QBA QB<V>H5FIFI<VO0L0<c>H5F~80A LMK$AeDYH5LaT A L0b&K$A QB<[N;<&DEN;<ﬁO;ºPH5LMN;<&Df0TeK$L0<&Dx?BQBH5O0J5bﬁ<&Dxf0QBb&>b&N;<ﬁFIFI<ﬁL-?[Â
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(φ ∈ [0, 2π]) 4Ò LNUl K$O;?BQB<&Dj?B<ﬁQBFI<&DUÂT <>RWMK$FIf









N;H5L0LMK$L-?GTml <º;f0QB<&DBDYA H5LhN;O½>RWMK$FIfhbﬁT <&>@?BQBAed-O0<[f(H5O0Q9O0L½K$L0o5T <
φ
Â(T <
>RWMK$FIfPbﬁT <&>@?BQBAed-O0<v?BH$?RK$TUf(<ﬁO;?9Dﬁl b&>QBA QB<[DYH5OMDxTeKtC­H5QBFI<[DYO0A JﬃK$L-?B<IÂ









{vK$LMDP><?Y?B<µ<º;f0QB<&DBDYA H5LÂ`T <&D«K$FIf0T A ?BOMN;<&D
A˜j(φ)  j ∈ {1, 2} <? φ ∈ [0, 2π]  N;<ﬁJ,A <ﬁL0L0<ﬁL-?«T <&D«DY<ﬁO0T <&D




kj,ρ(φ) = ~kj(φ).~eρ 
Ä;4 ];3




















ÆH5O0QGN;<&DEQRK$AeDYH5LMDNUl K$f0f0T Ae>ﬁKﬃ?BA H5LPL,O0FIbﬁQBAed-O0<+Â;H5L«<&D=?9>H5L-?BQRK$A L-?GN;<cN;AeDB>QBb?BAeDY<ﬁQTml A L-?Bbﬁo5QRK$T <54(`<?Y?B<cN;AeDB>QBbn



























Nφ ∈ N∗ <&D=?`T <9L0H5F~80QB<GN;<GfMK5D`N;<GTeKcN;AeDB>QBb?BAeDBKﬃ?BA H5LIO;?BA T AeDYb9f(H5O0Q`>ﬁK$Te>O0T <ﬁQ`Tml A L-?Bbﬁo5QRK$T <545ÏEwMLkNUl K$T T bﬁo5<ﬁQ
Tml b&>QBA ?BO0QB<+Â;H5L«Kﬃ:=H5O;?B<Vbﬁo-K$T <ﬁFI<ﬁL-?T <&DEL0H$?RKﬃ?BA H5LMDDYO0A JﬃK$L-?B<&DVÂ





∀ν ∈ [1, Nφ] , ~Γj(φν) = ~Γj,ν  Ä;4 ]5Ä 
∀ν ∈ [1, Nφ] , ~kj,ρ(φν) = ~kj,ν,ρ  Ä;4 ]$ 
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Er(r, θ, z) =
~E(r, θ, z).~er
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Γj,ν,ρ = ~Γj,ν .~eρν 
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~Γj,ν .~er = Γj,ν,ρ cos(θ − φν) + Γj,ν,φ sin(θ − φν)
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Eθ(r, θ, z) = ~E(r, θ, z).~eθ









~Γj,ν .~eθ = −Γj,ν,ρ sin(θ − φν) + Γj,ν,φ cos(θ − φν)
          a
 H 
YX	 	 XN, <a $  
Y 8  	 X   8
Y       ,8ﬂ  
YX   a  S353ﬃ\







4À <jF ÁﬁFI<k>RWMK$L0o5<ﬁFI<ﬁL-?[N;<jJﬃK$QBAeK$80T <jd-O0<If0QBb&>b&N;<ﬁFIFI<ﬁL-?c<&D=?c<ﬁLMDYO0A ?B<j<i<&>@?BO0b54













































Ez(r, θ, z) = ~E(r, θ, z).~ez
ÂT <

































E90,,=`9Ł 6G *p *p `84U0Y¤ŁGÔ;;
À <&DG<º;f0QB<&DBDYA H5LMDGN;<&D9>H5FIf(H-DBK$L-?B<&DGN;OÃ>RWMK$FIf½FjK$o5L0b?BAed-O0<[?BH$?RK$T"DY<tN;b&N;O0AeDY<ﬁL-?vN;<t><ﬁT T <&D9N;OÃ>RWMK$FIf½bﬁT <&>@n
?BQBAed-O0<b?RK$80T A <&Dhf0QBb&>b&N;<ﬁFIFI<ﬁL-?-Â9g fMK$QY?BA Q½N;<ÌTml b&d-OMKﬃ?BA H5LN;<Ìr½Kﬃº;¾x<ﬁT T nÅMK$QRK5N0KS¼ WMK$QBFIH5L0Aed-O0< ~H(r, θ, z) =
1
iωµ0
~rot ~E(r, θ, z)
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Eθ(r, θ, z) 
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γn,j,ν − αn,j,ν γ0
kj,ν,ρ
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Eθ(r, θ, z) + r
∂Eθ(r, θ, z)
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[Θ21(r)]n,ν = γn,1,νJn (k1,ν,ρr) 
Ä;4 Äﬃ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Jn(kj,ν,ρr) − kj,ν,ρJn+1(kj,ν,ρr) H58;?B<ﬁL,O0<t<ﬁL











































































γn,1,ν − αn,1,ν γ0
k1,ν,ρ
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γn,2,ν − αn,2,ν γ0
k2,ν,ρ
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x − χ2 [ǫx + ǫz]
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h0 = −χ4ǫz + 2χ2ǫxǫz − ǫ2xǫz
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e,n Jn (k2,ρr) 
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h,n Jn (k1,ρr) 
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B−4,−4 0 0 B−4,−1 0 0 B−4,2 0 0
0 B−3,−3 0 0 B−3,0 0 0 B−3,3 0
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B2,−4 0 0 B2,−1 0 0 B2,2 0 0
0 B3,−3 0 0 B3,0 0 0 B3,3 0
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ALGORITHME DE RECHERCHE DE neff
neff = un minima de fdet
1. Evaluation de Z(L)i en n′eff :
Intégration par l’algorithme S
2. Calcul de fdet(n′eff )





Valeur de neff trouvée
PARAMETRES:
• Symétrie opto-géométriqueCNT v
• Classe de symétrie du mode Ck Sous-ensemble Ii
• Critères d’arrêt de la recherche
CARTES DU CHAMP MODAL
Intégration évaluée en neff
λ
FIN DE LA BOUCLE SUR λ
Courbe de dispersion D(λ)
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FOM   inclusions sectorielles


































FOM   inclusions sectorielles
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FOM   inclusions sectorielles
FOM   inclusions circulaires
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Rmin = 1.5 µm
Â
Rmax = 2.8 µm
Â
θm = 19.57
o <? λ = 1.56 µm
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Rmin=1.8 µm, Rmax=2.8 µm et θm=19.57°
Rmin=1.5 µm, Rmax=2.8 µm et θm=19.57°
Rmin=1.5 µm, Rmax=3.4 µm et θm=19.57°
Rmin=1.5 µm, Rmax=3.4 µm et θm=40°
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Rmin = 1.8 µm
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Rmin = 1.5 µm
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Rmin = 1.5 µm
Â







Rmin = 1.5 µm
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θm=40° Diminution de Rmin
Augmentation de θm
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Rmax = 3.4 µm
Â
θm = 40
o <? λ = 1.56 µm
4
neff = 1.37260330+ i6.0897 10
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Rmin=1.8 µm, Rmax=2.8 µm et θm=25.113°
Rmin=1 µm, Rmax=2.8 µm et θm=25.113°
Rmin=1 µm, Rmax=3.4 µm et θm=40°
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Mode C3/4 MD pour N=102
Mode C3/4 MD pour N=114





















































Mode C3/4 MD pour N=102
Mode C3/4 MD pour N=114
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
f(H5O0QPO0L0<½wM80QB<µg¢o5QRK5N;A <ﬁL-?PNUl A LMN;Ae><
fMK$QRK$8(H5T Aed-O0<vN;<VQRKS¼5H5LkA L;wML0A

K$f0f0QBHSº;A FjKﬃ?BA H5LaNUl O0L«f0QBH$wMTfMK$QRK$8(H5T Aed-O0<vfMK$QYC'K$A ?

4;À <&DT H5L0o5O0<ﬁO0QRDxNUl H5LMN;<
N;<c>H5O0f0O0QB<[f0TeK5>bﬁ<&DGDYO0QGTml Kﬃº;<cDYO0f(bﬁQBA <ﬁO0Q9N;<&DGK$8MDB>AeDBDY<&DEN;<cTeKtwMo5O0QB<t\,4 -ztH5L-?Gb?Bb~N;b?B<ﬁQBFIA L0bﬁ<&DGgIfMK$QY?BA Q





λ = 0.6 µm 
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N;<V?=¼,f(<cÏ9ÍGÍG6 gtO0L0<c>H5OM>RW0<[NUl A LM>T OMDYA H5LMDE>A QR>O0TeK$A QB<&Dgto5QRK5N;A <ﬁL-?
NUl A LMN;Ae><54SÒ T T <xf(H-DBDYX&N;<`T <xF ÁﬁFI<`?=¼,f(<N;<xo5bﬁH5FIb?BQBA <xd-O0<`T <&DÅ6vr½Df0QBb&>b&N;<ﬁFIFI<ﬁL-?"b?BOMN;A bﬁ<&Dg9A LM>T OMDYA H5LMD
W0H5FIH5o5XﬁL0<&D
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J5H5A QkDY<&>@?BA H5LÔ\,4 354 ]
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r′ = d2 
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JN2r K Â JN2θ K <? JNrNθK QB<&D=?B<ﬁL-?K$T H5QRDAeN;<ﬁL-?BAed-O0<&Dxg~><ﬁT T <&D`N;bwML0A <&D`f(H5O0QN;<&D`>¼,T A LMN;QB<&D`W0H5FIH5o5XﬁL0<&D  J5H5A Q
DY<&>@?BA H5L¶\,4 354 ]
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r ∈ [Rmin, Rmax] 4U69LhQRK$f0f(<ﬁT T <~d-O0< θ˜(r) <&D=?vN;H5L0L0bcfMK$QGTeKjQB<ﬁTeKﬃ?BA H5L  z04 353S]   N0K$LMDGTeK5d-O0<ﬁT T < R0 <&D=?
QB<ﬁFIf0TeK5>bIfMK$Q
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 B1(r) + B2(r) cos (θ − θ0) + B3(r) cos
2 (θ − θ0) DYA θ ∈
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Â B2(r) = 2A1A2 <? B3(r) = A22 
\,4 3ﬁ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ǫ(r, θ)
QB<&D=?B<jK$LMK$T ¼-?BAed-O0<+Â L0H5OMDVL0<kT <&DV<º;f0T Ae>A ?B<ﬁQBH5LMD[fMK5D
b?RK$L-?GN;H5L0L0bﬁ<VTeKI>H5FIf0T <º;A ?BbcN;<VT <ﬁO0QG<º;f0QB<&DBDYA H5L 4
À <&DkfMK$QRK$FIX?BQB<&DaN;<ÃTeK¢Å6vr
C6v
gO0L0<>H5OM>RW0<ÃNUl A LM>T OMDYA H5LMDP>A QR>O0TeK$A QB<&DkgÌo5QRK5N;A <ﬁL-?PNUl A LMN;Ae><DYH5L-?
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N;<[TeK~wM80QB<[>H5L,J5<ﬁL-?BA H5L0L0<ﬁT T <vf(H5O0Q
λ = 0.599 µm




































































































































N;<[TeK~wM80QB<[>H5L,J5<ﬁL-?BA H5L0L0<ﬁT T <vf(H5O0Q
λ = 0.599 µm
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ÀKµwMo5O0QB<\,4 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T H;>ﬁK$T AeDYb9J5<ﬁQRD
λ = 0.595 µm
4,¸T K$f0fMK$QRKSe?DYO0QT <&D`wMo5O0QB<&DE\,4 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C3/4
KhT A <ﬁOf(H5O0Q~T <kFIH;N;<
EH31
Â"FjK$AeD
QB<&D=?B<VN;A k>A T <[g~H58;?B<ﬁL0A QEf(H5O0QT <VFIH;N;<
HE51 
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NUl H5LMN;<
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λ = 0.55 µm 
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<? |Hz| C­H5L-?`K$f0fMK$QRKSe?BQB<EN0K$LMD >RWMK5d-O0<EA LM>T OMDYA H5LIO0Lk>RWMK$FIfkK5DBDYH;>A bEgVO0LjFIH;N;<9NUl H5QRN;QB<EK$ÓﬁA F~O;?RK$T ν = 1 4
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
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 λ = 0.5926 µm 
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λ = 0.5 µm
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T <kDYf(<&>@?BQB<j<ﬁLµ?BQRK$LMDYFIAeDBDYA H5Lµ<º;f(bﬁQBA FI<ﬁL-?RK$T <?cTeK«fMK$QY?BA <jA FjK$o5A LMK$A QB<jN;<jTml A LMN;Ae><k<i<&>@?BA CGN;<k><&D[F ÁﬁFI<&D
FIH;N;<&Dﬁ45¸TUDY<ﬁF~80T <ﬁQRK$A ?xd-O0<GT <&DxK$L-?BA n>QBH5AeDY<ﬁFI<ﬁL-?RD >H mLM>AeN;<ﬁL-?xKSJ5<&>ETeK~N;b&>QBH5AeDBDBK$LM><GN;<9TeK[8MK$LMN;<vN;<G?BQRK$LMD=n
FIAeDBDYA H5L <?PL0H5LÔgTeKf(<?BA ?B<ÃA QBQBbﬁo5O0TeK$QBA ?Bb«H58MDY<ﬁQBJ5bﬁ<½g
λ = 0.599 µm
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N;H5A J5<ﬁL-?`?BH5O;?EN;<vF ÁﬁFI<JÁ?BQB<V>H5LMDYAeN;bﬁQBb&D`KSJ5<&>Gf0QBOMN;<ﬁLM><v>ﬁK$QxTeKtN;AeDYf(<ﬁQRDYA H5LkFjKﬃ?BbﬁQBA <ﬁT T <9L l <&D=?fMK5Dxf0QBAeDY<9<ﬁL
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